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of pixels in each of the plural sub-frames to at least a first level 
or a second level to perform gradation display. 

6 Claims, 11 Drawing Sheets 

2 
320 

WWW2 

  

  

  





U.S. Patent Nov. 25, 2014 Sheet 2 of 11 US 8,896.508 B2 

  



US 8,896,508 B2 U.S. Patent 

  

  



U.S. Patent Nov. 25, 2014 Sheet 4 of 11 US 8,896,508 B2 

BLACK OSPLAY CODES 

GRADAON v GREA KEEPCOES 

111111111111111111111111111111111111111111111111 . . . 
O1 10 O1) 01) CO O1. Of O. 110 1 0 1 0 1 0 1 1 O 
OC1 11 11 10 OOO 10 O1O 1010 OO 1010 1 0 1 0 1 0 1 0 1 010 
OO1 11 11 G 1010 1010 OD (10 O1O 100 100 OO 100 
OOO1 1 O OO O. O. O. O. C. 1) 1D1 1 OO 10C 101C 10 " " - 
OO 10 1 1 11 OO1 OO1 OO1 OC OO1 OO1 OO 100 (O1 
OOOG 11 1 OO1 OOf OO 1 OO OC OO 11 OO 100 (C) 1 
COO. O. 1 1 OO1 1 OO OO1 OO 1 OO11 OO1 OO1 OO1 OO 1 
GOOO (11 1 1 1 0011 OOf 1 0 1 001 CO1 )011 OC OO OO1 - - 
OOO (11 11 11 OOOO 1 OO1 OO1 OO1 OO11 OC1 OO11 OO 
OOOOOO1 1 OOO 11 O OOf OGO OOf OOC 1 OOO 
OOOOO1 11 11 1000 1110 0 1 1 OCO 1 1 000 OOO 1110 001 
OOOOOO11 1 OOO 11 OOO 1 OCO 110 001 OOO 10 OO11 
OOOOC) 1 COO 1110 OG 1 1 OOO 10 OG OOO O GO 
OOOOOOO1 11 1 COO 1110 OO1 1 COO 1110 OOOOO 1110 0011 
OOO (101 1 OOO 110 0011 COO 10 OO OOO 1110 OO 
OOOOOOO O. Of O1 1 0 1 1 0 1 O 0 1 0 1 0 1 0 1 0 1 0 1 0 
OOOOOO 1 0 1 1 0 1 0 1 0 1 01 (1 1 0 1 1 0 1 1 0 1 1 01 0110 1 0 
OOOOOOf 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 0 1 - . 

0 1 01 011) 11 O1 1 0 1 0 1 0 1 0 1 1 011 0 1 0 1 101 
1 10 0 1 0 1 1 0 1 0 1 0 1 0 1 1 0 1 1 01 0110 O1 

OO 11 CO 11 OO 1 OO 11 OG 11 OO 11 OO 100 OO 100 
OO 1100 1 0 1 1 OO 1 OO 100 OG 11 OO 11 OO 100 
OO 100 1100 110C 11 OO 100 100 100 1100 1 0 
0 1 1 011 111 111 (31 11 111 1 0 1 111 
OO 111 OO 11111111 001 11 1 0011 
(O 111 1 001 1111111 001t 11 11 1 00111111 - 
1001 11 1001 t 11 1 0 1 1 00 111 1 0 1 100 1111 
OO 101 OOO 111 1 0 1 1 OOO 111 1 O1 OOO 1 - " - 
OOOOO1 OOOOO11 OOO1 OOOOO 11 OOOOOOOO 111 
OOOOOOOOO 10 OOOf O1 OO1 0 1 1 
OOOOOOOOOOOOOOOOOOOOOO OOOOOOOOOOOOOOOO 

Qa 
O GRADAON 
GRADAON 

2 GRADAON 
3 GRADATION 
4 GRADATION 
5 GRADATION 
6 GRADATION 
7 GRAAON 
8 GRADATION 
9 GRADAON 
OGRADAON 
1 GRADAON 
2 GRADATION 
13 GRADATION 
14 GRADAON 
15 GRADATION 
6 GRADAON 
7 GRADAON 

18 GRADATION 
19 GRADAON 
2O GRADAON 
2 GRADATON 
22 GRADATION 
23 GRADAON 
24 GRADATION 
25 GRABATON 
26GRADAON 
27 GRADAON 
28 GRADAON 
29 GRADAON 
30 GRADATION 
3 GRADATON 

e 

: 

i 

OOOO COO 
OOOOOOOO 1 
OOOOOO1 O1 
GOOOOOOOO 
OOOOOOOO 10 
OOOOOOOOOO 
OOOOOOOOO1 
OOOOOOOOOO 
OOOOOOOOOO 
OOOOOOOOO 
OOOOOOOOOO 
OOOOOOOOOO 
OOOOOOOOOO 

FG. 4 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  



U.S. Patent Nov. 25, 2014 Sheet 5 of 11 US 8,896,508 B2 

100 XDIRECTION 
130a - 

100 

108 105 - 

424. S Efiriri Eiffi'? firi N NSNSN-10 
106 118 106 

F.G. 5B 

  

  

  



U.S. Patent Nov. 25, 2014 Sheet 6 of 11 US 8,896,508 B2 

ONE FRAME 

DATA OF ONE PIXELIN FIRST LINE (8bits) 

FIG. 6 



?s? ::::-------- e. al 
C???SÅ 

U.S. Patent 

  

  

    

  
  

  



US 8,896,508 B2 U.S. Patent 

  

  

  



US 8,896.508 B2 Sheet 9 of 11 Nov. 25, 2014 U.S. Patent 

  

  

    

  

    

    

  

  



U.S. Patent Nov. 25, 2014 Sheet 10 of 11 US 8,896,508 B2 

i series--- 120 -- PL 

- H -- - - Y-1130 OOR 

-14 

100 , 

  

  

  



U.S. Patent Nov. 25, 2014 Sheet 11 of 11 US 8,896,508 B2 

  



US 8,896,508 B2 
1. 

ELECTRO-OPTICAL DEVICE, DRIVING 
METHOD THEREFOR, AND ELECTRONIC 

APPARATUS 

The entire disclosure of Japanese Patent Application. No. 
2009-115522, filed May 12, 2009 is expressly incorporated 
by reference herein. 

BACKGROUND 

1. Technical Field 
Some aspects according to the present invention relate to 

an electro-optical device, a driving method therefor, an elec 
tronic apparatus, and the like. 

2. Related Art 
In a liquid crystal device as a form of an electro-optical 

device, since temperature dependency is present in character 
istics (response speed, etc.) of liquid crystal, a liquid crystal 
applied Voltage necessary for representing the same gradation 
is different depending on temperature. Therefore, in the past, 
a data table indicating a correspondence relation between a 
gradation and a liquid crystal applied Voltage necessary for 
representing the gradation is prepared in advance for each 
temperature. Gradation correction with respect to a tempera 
ture change is performed by selecting a liquid crystal applied 
voltage suitable for temperature detected by a temperature 
sensorset near a display area of the liquid crystal device from 
a data table corresponding to the temperature. Besides, as a 
method of gradation correction with respect to a temperature 
change, a method of adopting a structure mounted with a 
Peltier element in order to keep temperature constant or set 
ting a fan to forcibly cool the liquid crystal device is adopted 
(see, for example, JP-A-2004-325496, JP-A-2005-215128, 
JP-A-2005-258465, and JP-A-2000-356976). 

In the method of preparing a data table for each tempera 
ture in order to perform gradation correction with respect to a 
temperature change as explained above, a large-capacity 
memory or a large number of Small-capacity memories are 
necessary. This leads to an increase in power consumption, a 
mounting area, and cost. Further, since plural data tables are 
prepared, adjusting time also increases. Therefore, the 
method is unsuitable for a reduction in size and cost. 
On the other hand, in the method ofusing a Peltier element, 

since the Peltier element is expensive and power consumption 
increases, the method is unsuitable for a reduction in cost and 
power consumption. In the method of using a fan, it is nec 
essary to increase the size of the fan itself in order to increase 
an air quantity. This causes an increase in cost and the size of 
a housing. Further, it is necessary to provide a function of 
Suppressing occurrence of Sound and dust involved in the 
rotation of the fan. Therefore, the method is unsuitable for a 
reduction in cost. 

SUMMARY 

An advantage of some aspects of the invention is to provide 
an electro-optical device that can perform gradation correc 
tion with respect to a temperature change without causing an 
increase in the size of the device and cost, a driving method 
for the electro-optical device, and an electronic apparatus. 

According to an aspect of the invention, there is provided 
an electro-optical device including a temperature detecting 
unit that detects temperature, wherein the electro-optical 
device sets the number of sub-frames of plural sub-frames 
included in one frame according to the temperature detected 
by the temperature detecting unit and sets a luminance level 
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2 
of pixels in each of the plural sub-frames to at least a first level 
or a second level to perform gradation display. 

With the electro-optical device having such a characteris 
tic, it is possible to obtain an effect equivalent to an increase 
in response speed of an electro-optical material (e.g., liquid 
crystal) by increasing the number of sub-frames in one frame 
to reduce processing time for data, for example, when tem 
perature near a display area is low. On the other hand, it is 
possible to obtain an effect equivalent to a reduction in the 
response speed of the electro-optical material by reducing the 
number of sub-frames in one frame (extending one Sub-frame 
period) to increase the processing time for data when the 
temperature is high. In other words, it is possible to unifor 
malize the response time of the electro-optical material irre 
spectively of a temperature change by setting the number of 
Sub-frames in one frame according to temperature. 

Therefore, with the electro-optical device according to the 
aspect of the invention, it is unnecessary to use the lookup 
table or the Peltier element in the past. Therefore, it is possible 
to perform gradation correction with respect to a temperature 
change irrespectively of the temperature change without 
causing an increase in the size of the device and cost. 

In the electro-optical device according to the aspect of the 
invention, it is desirable that the electro-optical device further 
includes a code generating unit that generates a digital code 
for designating a luminance level of the pixels equivalent to 
the number of sub-frames. 
By adopting Such a configuration, with a simple and high 

speed circuit configuration, it is possible to set the number of 
Sub-frames in one frame according to temperature and control 
the luminance level of the pixels in the sub-frames. 

In the electro-optical device according to the aspect of the 
invention, it is desirable that the first level is equivalent to 
black display in which the luminance level of the pixels is 0 
and the second level is the luminance level of the pixels other 
than 0. 
By providing black display codes in the digital code, it is 

possible to reset an image between frames and realize 
improvement of moving image quality. By providing grada 
tion keep codes in the digital code, it is possible to continue to 
keep a gradation of pixels and prevent deterioration in image 
quality even when the number of sub-frames in one frame 
increases. 

In the electro-optical device according to the aspect of the 
invention, it is desirable that the code generating unit 
includes: a frame buffer that can store image data for at least 
two frames; and a code converting unit that converts the 
image data output from the frame buffer into the digital code, 
and the electro-optical device further includes: a system 
clock generating unit that generates a system clock signal 
having a frequency corresponding to the temperature 
detected by the temperature detecting unit; a writing control 
unit that controls writing of the image data in the frame buffer 
on the basis of a dot clock signal, a vertical synchronization 
signal, and a horizontal synchronization signal input together 
with the image data; and a readout control unit that controls 
readout of the image data from the frame buffer on the basis 
of the system clock signal and the vertical synchronization 
signal and performs setting of the number of Sub-frames and 
control of the luminance level of the pixels in each of the 
Sub-frames based on the digital code. 
By adopting Such a configuration, with a single and high 

speed circuit configuration, it is possible to realize generation 
of the digital code and control of the luminance level of the 
pixels in each of the sub-frames. 

In the electro-optical device according to the aspect of the 
invention, it is desirable that the temperature detecting unit 
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outputs a Voltage signal having a level corresponding to a 
detection result of the temperature, and the system-clock 
generating unit is a Voltage-controlled oscillator that gener 
ates a system clock signal having a frequency corresponding 
to the level of the Voltage signal. 
By using the Voltage-controlled oscillator as the system 

clock generating unit in this way, with a simple and inexpen 
sive circuit configuration, it is possible to generate a system 
clock signal having a frequency corresponding to a level of a 
Voltage signal (temperature) output from the temperature 
detecting unit. 

Adriving method for an electro-optical device according to 
another aspect of the invention includes: detecting tempera 
ture; and setting the number of sub-frames of plural sub 
frames included in one frame according to the temperature 
and setting a luminance level of pixels in each of the plural 
sub-frames to at least a first level or a second level to perform 
gradation display. 

With the driving method for an electro-optical device hav 
ing Such a characteristic, it is unnecessary to use the lookup 
table or the Peltier element in the past. Therefore, it is possible 
to perform gradation correction with respect to a temperature 
change irrespectively of the temperature change without 
causing an increase in the size of the device and cost. 
An electronic apparatus according to still another aspect of 

the invention includes the electro-optical device explained 
above. 

With the electronic apparatus having such a characteristic, 
since the electronic apparatus includes the electro-optical 
device that can perform gradation correction with respect to a 
temperature change with a small size and at low cost, it is 
possible to realize improvement of display quality and a 
reduction in size and cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described with reference to the 
accompanying drawings, wherein like numbers reference like 
elements. 

FIG. 1 is a block diagram of a liquid crystal device (an 
electro-optical device) according to an embodiment of the 
invention. 

FIG.2 is a detailed explanatory diagram concerning a pixel 
in the liquid crystal device according to the embodiment. 

FIG. 3 is an explanatory diagram concerning a correspon 
dence relation between a Sub-frame configuration and a digi 
tal code in the liquid crystal device according to the embodi 
ment. 

FIG. 4 is a correspondence table showing relation between 
gradations and a digital code generated according to the gra 
dation. 
FIGS.5A and 5B are overall diagrams of the liquid crystal 

device according to the embodiment. 
FIG. 6 is a first timing chart showing the operation of the 

liquid crystal device according to the embodiment. 
FIG. 7 is a second timing chart showing the operation of the 

liquid crystal device according to the embodiment. 
FIG. 8 is a first explanatory diagram for explaining a prin 

ciple of gradation correction with respect to a temperature 
change in the liquid crystal device according to the embodi 
ment. 

FIGS. 9A and 9B are second explanatory diagrams for 
explaining the principle of gradation correction with respect 
to a temperature change in the liquid crystal device according 
to the embodiment. 
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4 
FIG. 10 is a diagram of a projector as an example of an 

electronic apparatus to which the liquid crystal device accord 
ing to the embodiment is applied. 

FIG. 11 is a diagram of a personal computer as an example 
of the electronic apparatus to which the liquid crystal device 
according to the embodiment is applied. 

FIG. 12 is a diagram of a cellular phone as an example of 
the electronic apparatus to which the liquid crystal device 
according to the embodiment is applied. 

DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

An embodiment of the invention is explained below with 
reference to the drawings. 

FIG. 1 is a block diagram showing an electro-optical device 
according to this embodiment. As the electro-optical appara 
tus according to this embodiment, a liquid crystal device 100 
in which a device Substrate and an opposed Substrate are stuck 
to each other with a fixed gap kept therebetween and liquid 
crystal as an electro-optical material is held in the gap is 
illustrated and explained. 
The liquid crystal device 100 according to this embodiment 

adopts, as a gradation display System, digital time division 
driving for dividing one frame into plural Sub-frames and 
setting aluminance level of pixels in each of the Sub-frames to 
at least a first level or a second level to perform gradation 
display. The liquid crystal device 100 adopts common inver 
sion driving as an AC driving system. A display mode of the 
liquid crystal device 100 is normally white. The liquid crystal 
device 100 is explained as performing black display (the first 
level: the luminance level is 0) in a state in which voltage is 
applied to the pixels and performing white display (the sec 
ond level: the luminance level is other than 0) in a state in 
which Voltage is not applied to the pixels. 

In such a liquid crystal device 100, a transparent substrate 
Such as a glass Substrate is used as the device Substrate. A 
peripheral driving circuit and the like are formed on the 
device substrate together with a transistor that drives the 
pixels. On the other hand, in a display area 101a on the device 
Substrate, m scanning lines 112 and m storage capacitor lines 
113 are formed to extendinan X direction and n data lines 114 
are formed to extend along a Y direction. Pixels 110 are 
arrayed in an mixin matrix shape to correspond to intersections 
of the scanning lines 112 and the data lines 114. In the fol 
lowing explanation of this embodiment, it is assumed that m 
is 480 and n is 720. 
An example of a specific configuration of the pixel 110 is 

shown in FIG. 2. As shown in FIG. 2, the pixel 110 has a 
configuration in which a gate of a transistor (a MOSFET) 116 
as Switching means is connected to the Scanning line 112, a 
source thereof is connected to the data line 114, and a drain 
thereof is connected to a pixel electrode 118 and liquid crystal 
105 as an electro-optical material is held between the pixel 
electrode 118 and an opposed electrode (a common elec 
trode) 108 to form a liquid crystal layer. 
The opposed electrode 108 is a transparent electrode 

formed over the entire surface of the opposed substrate to be 
opposed to the pixel electrode 118. A storage capacitor 119 is 
formed between the pixel electrode 118 and the storage 
capacitor line 113. The storage capacitor 119 supplementarily 
accumulates charges in conjunction with the electrodes that 
hold the liquid crystal layer. A common voltage VCOM is 
Supplied to the opposed electrode 108 and the storage capaci 
tor line 113 from a driving-voltage generating circuit 300 
explained later. 
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A scanning signal G1, G2, ..., or Gim is Supplied to each 
of the scanning lines 112 from a scanning-line driving circuit 
310 explained later. The transistor 116 forming the pixel 110 
connected to the scanning line 112 is turned on by the scan 
ning signal G1, G2, ..., or Gm. Consequently, a data signal 
d1,d2,..., or din supplied to the data line 114 from a data-line 
driving circuit 330 explained later is supplied to the pixel 
electrode 118 and written in the liquid crystal 105 and the 
storage capacitor 119. Since the digital time division driving 
is adopted, the data signal d1,d2,..., ordn is a binary Voltage 
corresponding to the first level (black) or the second level 
(white). A molecular orientation state of the liquid crystal 105 
changes according to the Voltage written in the pixel 110 in 
this way, i.e., a potential difference between the pixel elec 
trode 118 and the opposed electrode 108 and modulation of 
illumination light is performed. 

Referring back to FIG. 1, the electric configuration of the 
liquid crystal device 100 according to this embodiment is 
explained. As shown in FIG. 1, the liquid crystal device 100 
according to this embodiment includes a temperature sensor 
200, a level converting circuit 210, a VCXO (Voltage Con 
trolled Crystal Oscillator) 220, a read timing controller 230, a 
write timing controller 240, a frame buffer 250, a write 
address controller 260, a read address controller 270, a code 
converting circuit 280, a third selector 290, the driving-volt 
age generating circuit 300, the scanning-line driving circuit 
310, a level shifter 320, and the data-line driving circuit 330. 
Among the components, the temperature sensor 200 is 

equivalent to the temperature detecting unit, the VCXO 220 is 
equivalent to the system-clock generating unit, the write tim 
ing controller 240 and the write address controller 260 are 
equivalent to the writing control unit, the read timing control 
ler 230, the read address controller 270, the driving-voltage 
generating circuit 300, the scanning-line driving circuit 310, 
the level shifter 320, and the data-line driving circuit 330 are 
equivalent to the readout control unit, and the frame buffer 
250, the code converting circuit 280, and the third selector 
290 are equivalent to the code generating unit. 

Image data DATA, a dot clock signal DCLK, a vertical 
synchronization signal VSYNC, and a horizontal synchroni 
zation signal HSYNC are input to such a liquid crystal device 
100 from a not-shown external control device. The image data 
DATA is data indicating a gradation that should be displayed 
in each of the pixels 110. In the following explanation, it is 
assumed that the number of bits of the image data DATA is 
eight (i.e., 256 gradations). As it is well known, the dot clock 
signal DCLK is a signal for defining transfer speed of the 
image data DATA (transfer timing of the image data DATA for 
one pixel). The vertical synchronization signal VSYNC is a 
signal for defining start timing of one frame. The horizontal 
synchronization signal HSYNC is a signal for defining start 
timing of one horizontal scanning period. 

The temperature sensor 200 includes a temperature detect 
ing circuit employing a thermistor. The temperature sensor 
200 detects temperature near the display area 101a and out 
puts an analog Voltage signal having a level corresponding to 
a detection result of the temperature to the level converting 
circuit 210. The level converting circuit 210 adjusts the level 
of the analog Voltage signal input from the temperature sensor 
200 to be within a range of voltage that can be input to the 
VCXO 220 explained later. The level converting circuit 210 
outputs the analog Voltage signal after the level adjustment to 
the VCXO 220. 

The VCXO 220 is a voltage-controlled crystal oscillator. 
The VCXO 220 generates a system clock signal SCLK having 
a frequency corresponding to the level of the analog Voltage 
signal (i.e., temperature) input from the level converting cir 
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6 
cuit 210 and outputs the system clock signal SCLK to the read 
timing controller 230. A frequency for of the system clock 
signal SCLK is represented by the following Formula (1). In 
the following Formula (1), f, represents a frame frequency 
(60 Hz), k represents the number of sub-frames (a minimum 
k, to a maximum k) in one frame, m represents the 
number of scanning lines (480), n represents the number of 
data lines (720), and N represents the number of expanded 
phases (e.g. “80). 

foLefaxkxmxn/N (1) 

Specifically, in the liquid crystal device 100 according to 
this embodiment, in order to realize a function of changing 
the number of Sub-frames k in one frame in a range of the 
minimum k (e.g., '20') to the maximum k (e.g., '81') 
according to temperature near the display area 101a, the 
frequency fs of the system clock signal SCLK is linearly 
changed in a range of 5.18 MHz (k=20) to 21 MHz (k=81) 
according to the level of the analog Voltage signal (tempera 
ture) by using the VCXO 220. 

Phase expansion is a method for lowering a writing fre 
quency of a data signal (i.e., the frequency fs of the System 
clock signal SCLK) in the pixel 110. When the number of 
expanded phases N is “80, the data signal is sequentially 
written in the seven hundred twenty pixels 110 connected to 
one scanning line 112 in a unit of eighty pixels. In other 
words, since writing operation only has to be performed nine 
times in one horizontal scanning period (when the phase 
expansion is not performed, seven hundred twenty times), the 
Writing frequency (fs) can be lowered. 
The read timing controller 230 generates, on the basis of 

the system clock signal SCLK input from the VCXO 220 and 
the vertical synchronization signal VSYNC input from the 
outside, a polarity inverting signal FR, a scanning start pulse 
YSP, a scanning transfer clockYCLK, and a data transfer start 
pulse XSP. 
The polarity inverting signal FR is a signal for defining a 

polarity inversion period for writing voltage of the pixel 110 
(in other words, a signal for defining a common inversion 
operation period). In this embodiment, the polarity inversion 
period is determined Such that polarity is inverted once in one 
frame. In other words, the polarity inversion signal FR is a 
pulse signal, a level of which changes once in one frame. In 
this embodiment, Voltage having positive polarity is written 
in the pixel 110 when the polarity inverting signal FR is at a 
high level. Voltage having negative polarity is written in the 
pixel 110 when the polarity inverting signal FR is at a low 
level. 
The scanning start pulse YSP is a signal for defining start 

timing of the sub-frames. The scanning start pulse YSP is 
generated by frequency-dividing the system clock signal 
SCLK. A frequency fs of the Scanning start pulse YSP is 
represented by the following Formula (2): 

fisp fixexk (2) 

Specifically, the frequency fs of the scanning start pulse 
YSP linearly changes in a range of 1.2 kHz (k=20) to 4.86 
kHZ (k=81) according to temperature near the display area 
101a. 
The scanning transfer clock YCLK is a signal for defining 

scanning speed on a scanning side (a Y side) (in other words, 
a signal for defining output timing of the scanning signals G1. 
G2. . . . . and Gm). The scanning transfer clock YCLK is 
generated by frequency-dividing the system clock signal 
SCLK. A frequency f. of the scanning transfer clock 
YCLK is represented by the following Formula (3): 

(3) foLefspxm/2 
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Specifically, the frequency for of the scanning transfer 
clockYCLK linearly changes in a range of 288 kHz (k=20) to 
1.16 MHz (k=81) according to temperature near the display 
area 101a. 
The data transfer start pulse XSP is a signal for defining 

start timing of one horizontal scanning period. The data trans 
fer start pulse XSP is generated by frequency-dividing the 
system clock signal SCLK. A frequency f.s of the data 
transfer start pulse XSP is represented by the following For 
mula (4): 

(4) 

Specifically, the frequency fs of the data transfer start 
pulse XSP linearly changes in a range of 576 kHz (k=20) to 
2.33 MHz (k=81) according to temperature near the display 
area 101a. 
The read timing controller 230 outputs the vertical syn 

chronization signal VSYNC to the read address controller 
270, outputs the system clock signal SCLK to the read 
address controller 270, the third selector 290, and the data 
line driving circuit 330, outputs the polarity inverting signal. 
FR to the driving-voltage generating circuit 300 and the level 
shifter 320, outputs the scanning start pulse YSP and the 
scanning transfer clock YCLK to the scanning-line driving 
circuit 310, and outputs the data transfer start pulseXSP to the 
data-line driving circuit 330. 
Among the dot clock signal DCLK, the vertical synchro 

nization signal VSYNC, and the horizontal synchronization 
signal HSYNC input from the external control device, the 
write timing controller 240 outputs the vertical synchroniza 
tion signal VSYNC to the frame buffer 250 (specifically, a 
first selector 251 and a second selector 254) and outputs the 
dot clock signal DCLK, the vertical synchronization signal 
VSYNC and the horizontal synchronization signal HSYNC 
to the write address controller 260. 

The frame buffer 250 includes memories that can store the 
image data DATA, which is input from the external control 
device, for two frames. The frame buffer 250 enables con 
tinuous image display by alternately Switching write-only 
memory and a read-only memory for each frame. Such a 
frame buffer 250 includes the first selector 251, a first 
memory 252, a second memory 253, and the second selector 
254. 
The first selector 251 alternately switches memories (the 

first memory 252 and the second memory 253) as an output 
destination of the image data DATA in synchronization with 
the vertical synchronization signal VSYNC input from the 
write timing controller 240. Specifically, one of the first 
memory 252 and the second memory 253 selected as the 
output designation of the image data DATA is a write-only 
memory and the other is a read-only memory. The write-only 
memory and the read-only memory are alternately switched 
for each frame. 
The first memory 252 is a volatile memory such as a RAM 

(Random Access Memory) having a capacity enough for 
storing the image data DATA for one frame. When the first 
memory 252 is the write-only memory, the image data DATA, 
is sequentially stored (written) in an address indicated by a 
first write address signal WA1 input from the write address 
controller 260. On the other hand, when the first memory 252 
is the read-only memory, the image data DATA stored in an 
address indicated by a first read address signal RA1 input 
from the read address controller 270 is sequentially read out 
and output to the second selector 254. 
The second memory 253 is a volatile memory such as a 

RAM having a capacity enough for storing the image data 
DATA for one frame. When the second memory 253 is the 
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8 
write-only memory, the image data DATA is sequentially 
stored in an address indicated by a second write address signal 
WA2 input from the write address controller 260. On the other 
hand, when the second memory 253 is the read-only memory, 
the image data DATA stored in an address indicated by a 
second read address signal RA2 input from the read address 
controller 270 is sequentially read out and output to the sec 
ond selector 254. 
As explained above, when the number of expanded phases 

N is “80”, it is necessary to simultaneously write data signals 
in the eighty pixels 110 in one write operation. Therefore, the 
number of bits of image data output from the first memory 
252 and the second memory 253 is a number equivalent to the 
eighty pixels, i.e., 80x8 bits=640 bits. 
The second selector 254 alternately switches memories 

(the first memory 252 and the second memory 253) as an 
input source of the image data DATA in Synchronization with 
the vertical synchronization signal VSYNC input from the 
write timing controller 240. Specifically, for example, when 
the first selector 251 outputs the image data DATA to the first 
memory 252, the first memory 252 is the write-only memory 
and the second memory 253 is the read-only memory. There 
fore, the second selector 254 switches the second memory 
253 as the input source of the image data DATA and outputs 
the image data DATA input from the second memory 253 to 
the code converting circuit 280. 
The write address controller 260 specifies, on the basis of 

the dot clock signal DCLK, the vertical synchronization sig 
nal VSYNC, and the horizontal synchronization signal 
HSYNC input from the write timing controller 240, a position 
on the display area 101a (a position of the pixel 110) for the 
image data DATA sent from the external control device. The 
write address controller 260 generates, on the basis of a result 
of the specification, a write address for storing the image data 
DATA in the first memory 252 or the second memory 253. 
The write address controller 260 alternately switches 

memories (the first memory 252 and the second memory 253) 
as an output destination of the write address in Synchroniza 
tion with the vertical synchronization signal VSYNC. Spe 
cifically, for example, when the first selector 251 outputs the 
image data DATA to the first memory 252, the first memory 
252 is the write-only memory and the second memory 253 is 
the read-only memory. Therefore, the write address controller 
260 switches the output destination of the write address to the 
first memory 252 and outputs the generated write address to 
the first memory 252 as the first write address signal WA1. 
On the other hand, for example, when the first selector 251 

outputs the image data DATA to the second memory 253, the 
first memory 252 is the read-only memory and the second 
memory 253 is the write-only memory. Therefore, the write 
address controller 260 switches the output destination of the 
write address to the second memory 253 and outputs the 
generated write address to the second memory 253 as the 
second write address signal WA2. 
The write address controller 260 resets the write address in 

synchronization with the vertical Synchronization signal 
VSYNC and counts up the write address in synchronization 
with the dot clock signal DCLK to thereby control writing of 
the image data DATA corresponding to the pixels in one 
frame. 
The read address controller 270 generates, on the basis of 

the system clock signal SCLK and the vertical synchroniza 
tion signal VSYNC input from the read timing controller 230, 
a read address for reading out the image data DATA from the 
first memory 252 or the second memory 253. The read 
address controller 270 alternately switches memories (the 
first memory 252 and the second memory 253) as an output 
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destination of the read address in synchronization with the 
vertical synchronization signal VSYNC. 

Specifically, for example, when the first selector 251 out 
puts the image data DATA to the second memory 253, the first 
memory 252 is the read-only memory and the second 
memory 253 is the write-only memory. Therefore, the read 
address controller 270 switches the output destination of the 
read address to the first memory 252 and outputs the gener 
ated read address to the first memory 252 as the first read 
address signal RA1. 
On the other hand, for example, when the first selector 251 

outputs the image data DATA to the first memory 252, the first 
memory 252 is the write-only memory and the second 
memory 253 is the read-only memory. Therefore, the read 
address controller 270 switches the output destination of the 
read address to the second memory 253 and outputs the gen 
erated write address to the second memory 253 as the second 
read address signal RA2. 
The read address controller 270 resets the read address in 

synchronization with the vertical synchronization signal 
VSYNC and counts up the read address in synchronization 
with the system clock signal SCLK to thereby control readout 
of the image data DATA corresponding to the pixels in one 
frame. 
The code converting circuit 280 converts, in a unit of one 

pixel, the image data DATA (640 bits) input from the second 
selector 254 of the frame buffer 250 into a digital code for 
designating a luminance level (the first level (black) or the 
second level (white)) of the pixels 110 in each of the sub 
frames and outputs the digital code to the third selector 290. 
As explained above, in the liquid crystal device 100 according 
to this embodiment, the number of sub-frames kin one frame 
is set according to temperature near the display area 101a (a 
temperature detection result of the temperature sensor 200). 
Therefore, it is necessary to convert the image data DATA into 
a digital code applicable to the maximum k of the number 
of sub-frames. 

Specifically, when the number of sub-frames k in one 
frame is set in a range of 20 to 81 according to temperature 
(k,81), the code converting circuit 280 converts the image 
data DATA input from the second selector 254 into a digital 
code applicable to eighty-one sub-frames in a unit of one 
pixel. 

FIG. 3 represents a correspondence relation between a 
Sub-frame configuration in one frame in the case of k-81 
and a digital code for one pixel. As shown in FIG.3, the code 
converting circuit 280 converts the image data DATA (8 bit 
data) for one pixel into a digital code (an 81-bit data) includ 
ing a string of eighty-one codes, i.e., a code C1 (when the first 
level (black) is designated as the luminance level, “1” and, 
when the second level (white) is designated, “O) correspond 
ing to a first Sub-frame SF1, a code C2 corresponding to a 
second Sub-frame SF2, ..., and a code C81 corresponding to 
an eighty-first sub-frame SF81. 

In Such a digital code, the codes C1 and C2 corresponding 
to the first and second sub-frames SF1 and SF2 are black 
display codes necessary for performing black display. The 
codes C3 to C12 corresponding to the third to twelfth sub 
frames SF3 to SF12 are gradation codes necessary for per 
forming gradation display. The codes C13 to C81 correspond 
ing to the remaining sub-frames SF13 to SF81 are keep codes 
(gradation keeping codes) necessary for keeping a gradation. 
By providing the black display codes in the digital code in 

this way, it is possible to reset an image between frames and 
realize improvement of moving image quality. By providing 
the keep codes in the digital code, it is possible to continue to 
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10 
keep a gradation of pixels and prevent deterioration in image 
quality even when the number of sub-frames k in one frame 
increases. 

FIG. 4 represents a correspondence relation between gra 
dations (as an example, 0 to 31 gradations) and the black 
display codes, the gradation codes, and the keep codes. As 
shown in FIG. 4, the black display codes (C1 and C2) are set 
to “1” irrespectively of the gradations. The gradation codes 
(C3 to C12) are set to values corresponding to the respective 
gradations. The keep codes (C13 to C81) are set to values for 
keeping the respective gradations and, since the number of 
codes is large, are repetitive codes. 

Specifically, the code converting circuit 280 sets, on the 
basis of the correspondence table shown in FIG. 4, values of 
the black display codes, the gradation codes, and the keep 
codes corresponding to gradations indicated by the image 
data DATA for one pixel to thereby generate a digital code 
corresponding to the one pixel. The image data DATA input 
from the second selector 254 to the code converting circuit 
280 is 640-bit data indicating gradations for eighty pixels. 
Therefore, the number of bits of the digital code output from 
the code converting circuit 280 to the third selector 290 is a 
number equivalent to the eighty pixels, i.e., 80 pixelsx81 
bits=6480 bits. 

Such a function of the code converting circuit 280 can be 
realized by using, for example, a ROM (Read Only Memory). 
Specifically, if the gradations are set as addresses and values 
of the black display codes, the gradation codes, and the keep 
codes corresponding to the addresses (the gradations) are 
stored in the ROM in advance, by inputting the image data 
DATA (data indicating a gradation), it is possible to read out 
the values of the black display codes, the gradation codes, and 
the keep codes corresponding to the gradation. It is possible to 
convert the image data DATA into a digital code with a high 
speed and simple circuit configuration. 
The third selector 290 collectively selects, in synchroniza 

tion with the system clock signal SCLK input from the read 
timing controller 230, codes for eighty pixels in order from 
the first code C1 among the codes C1 to C81 included in 
digital codes (6480 bits) input from the code converting cir 
cuit 280, i.e., each of digital codes for the eighty pixels and 
simultaneously outputs the codes to the level shifter 320. In 
other words, the number of data bits output from the third 
selector 290 to the level shifter 320 is eighty. 
The driving-voltage generating circuit 300 generates a 

voltage VG (a gate-on voltage of the transistor 116) of the 
scanning signals G1, G2, ..., and Gmand outputs the Voltage 
VG to the scanning-line driving circuit 310. The driving 
Voltage generating circuit 300 generates a reference Voltage 
V0, a maximum voltage VD1 (a black voltage in the case of 
positive polarity), and a minimum Voltage VD2 (a black Volt 
age in the case of negative polarity) of the data signals d1, 
d2. . . . . and do and outputs the Voltages to the level shifter 
320. The driving-voltage generating circuit 300 generates a 
common Voltage VCOM and outputs the common Voltage 
VCOM to the opposed electrode 108 and the storage capaci 
tor line 113 provided in the display area 101a. The maximum 
voltage VD1 and the minimum voltage VD2 are set to values 
symmetrical to each other with respect to the reference volt 
age V0. 

Further, the driving-voltage generating circuit 300 has a 
function of inverting the polarity of the common Voltage 
VCOM with respect to the reference voltage V0 according to 
a level of the polarity inverting signal FR input from the read 
timing controller 230. Specifically, when the polarity invert 
ing signal FR is at the high level (positive polarity), the 
common voltage VCOM has a value on the negative pole side 
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(a minimum value) with respect to the reference voltage V0. 
When the polarity inverting signal FR is at the low level 
(negative polarity), the common voltage VCOM has a value 
on the positive pole side (a maximum value) with respect to 
the reference voltage V0. The maximum value of the common 
voltage VCOM is set to be equal to the maximum voltage 
VD1 of the data signal and the minimum value of the common 
voltage VCOM is set to be equal to the minimum voltage VD2 
of the data signal. 
The scanning-line driving circuit 310 grasps start timing of 

each of the sub-frames from the scanning start pulse YSP and 
sequentially outputs the Scanning signals G1, G2. G3,..., and 
Gm having the voltage VG to each of the scanning lines 112 
in synchronization with the scanning transfer clock YCLK. 
The level shifter 320 shifts, on the basis of values of codes 

Ci (i represents integers 1 to 81) for eighty pixels input from 
the third selector 290 and a level of the polarity inverting 
signal FR, a voltage level of each of the codes Ci to a voltage 
level that should be supplied to the pixels 110 and outputs the 
codes Ci for the eighty pixels after the voltage level shift to the 
data-line driving circuit 330 as display data XDATA (80 bits). 

Specifically, when the code Ci is “1” for designating the 
first level and the polarity inverting signal FR is at the high 
level (positive polarity), the level shifter 320 shifts the voltage 
level of the code Ci to the maximum voltage VD1. When the 
code Ci is “1” for designating the first level and the polarity 
inverting signal FR is at the low level (negative polarity), the 
level shifter 320 shifts the voltage level of the code Ci to the 
minimum voltage VD2. 
On the other hand, when the code Ci is “0” for designating 

the second level and the polarity inverting signal FR is at the 
high level (positive polarity), the level shifter 320 shifts the 
voltage level of the code Ci to the minimum voltage VD2. 
When the code Ci is “0” for designating the second level and 
the polarity inverting signal FR is at the low level (negative 
polarity), the level shifter 320 shifts the voltage level of the 
code Ci to the maximum voltage VD1. 

According to such voltage level shift operation by the level 
shifter 320 and the common voltage inverting operation by 
the driving-voltage generating circuit 300, Voltage having 
positive polarity with respect to the common voltage VCOM 
is written in the pixels 110 in a period in which the polarity 
inverting signal FR is at the high level. Voltage having nega 
tive polarity with respect to the common voltage VCOM is 
written in the pixels 110 in a period in which the polarity 
inverting signal FR is at the low level. 
The data-line driving circuit 330 grasps start timing of one 

horizontal scanning period from the data transfer start pulse 
XSP and simultaneously outputs the display data XDATA (80 
bits) to the eighty data lines 114 as data signals for the eighty 
pixels in synchronization with the system clock SCLK. The 
data-line driving circuit 330 repeats the output operation for 
the data signal for the eighty pixels nine times while shifting 
the data lines 114 in a unit of eighty pixels in synchronization 
with the system clock SCLK to thereby complete output 
operation for data signals for seven hundred twenty pixels in 
one horizontal scanning period. 
The overall configuration of the liquid crystal device 100 is 

explained below with reference to FIGS.5A and 5B. FIG. 5A 
is a plan view showing the overall configuration of the liquid 
crystal device 100. FIG. 5B is an arrow sectional view taken 
along A-A in FIG. 5A. As shown in these figures, in the liquid 
crystal device 100, a device substrate 101 on which the pixel 
electrode 118 and the like are formed and an opposed sub 
strate 102 on which the opposed electrode 108 and the like are 
formed are stuck to each other with a fixed gap kept therebe 
tween by a seal material 104. The liquid crystal 105 as an 
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electro-optical material is held in the gap. Actually, there is a 
cutout portion in the seal material 104. After the liquid crystal 
105 is filled via the cutout portion, the cutout portion is sealed 
by a sealing material. However, the cutout portion is not 
shown in the figures. 
The opposed substrate 102 is a transparent substrate made 

of glass or the like. In the above explanation, the device 
substrate 101 is made of the transparent substrate. However, 
in the case of a reflective liquid crystal device, the device 
substrate 101 can be a semiconductor substrate. In this case, 
since the semiconductor Substrate is opaque, the pixel elec 
trode 118 is formed of reflective metal such as aluminum. On 
the device substrate 101, a light blocking film 106 is provided 
in an area on the inner side of the seal material 104 and on the 
outer side of the display area 101a. In the area where the light 
blocking film 106 is formed, the scanning-line driving circuit 
310 is formed in an area 130a and the level shifter 320 and the 
data-line driving circuit 330 are formed in an area 140a. 

Specifically, the light blocking film 106 prevents light from 
being made incident on the driving circuits formed in this 
area. The common voltage VCOM is applied to the light 
blocking film 106 together with the opposed electrode 108. 
On the device substrate 101, plural connection terminals are 
formed in an area 107 on the outer side of the area 140a, 
where the data-line driving circuit 330 is formed, and sepa 
rated from the area 14.0a by the seal material 104. Control 
signals, power Supply, and the like from the outside are input 
to the connection terminals. 
On the other hand, electric conduction of the opposed 

electrode 108 on the opposed substrate 102 to the light block 
ing film 106 and the connection terminals on the device 
substrate 101 is realized by a conduction material (not shown) 
provided at least in one place among the four corners in 
Substrate Sticking portions. Specifically, the common Voltage 
VCOM is applied to the light blocking film 106 via the con 
nection terminals provided on the device substrate 101 and is 
applied to the opposed electrode 108 via the conduction mate 
rial. 

Besides, on the opposed substrate 102, according to an 
application of the liquid crystal device 100, for example, 
when the liquid crystal device 100 is a direct view type, first, 
color filers arrayed in a stripe shape, a mosaic shape, a triangle 
shape, or the like are provided and, second, a light blocking 
film (black matrix) made of a metal material, resin, or the like 
is provided. In the case of an application to color light modu 
lation, for example, when the liquid crystal device 100 is used 
as a light valve of a projector explained later, the color filter is 
not formed. In the case of the direct view type, a light that 
irradiates light on the liquid crystal device 100 from the 
opposed substrate 102 side or the device substrate 101 side is 
provided when necessary. 

In addition, on electrode forming surfaces of the device 
substrate 101 and the opposed substrate 102, orientation films 
(not shown) or the like respectively subjected to rubbing 
treatment in predetermined directions are provided to define 
an orientation direction of liquid crystal molecules in a state 
in which voltage is not applied. On the other hand, on the 
opposed substrate 101 side, a polarizer (not shown) corre 
sponding to the orientation direction is provided. However, if 
polymer-dispersed liquid crystal obtained by dispersing liq 
uid crystal in a polymeras fine particles is used as the liquid 
crystal 105, the orientation films, the polarizer, and the like 
are unnecessary. As a result, light use efficiency is improved. 
Therefore, this is advantageous in terms of an increase in 
luminance, a reduction in power consumption, and the like. 
The operation of the liquid crystal device 100 according to 

this embodiment configured as explained above is explained 
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with reference to timing charts shown in FIGS. 6 and 7. FIG. 
6 is a timing chart showing a temporal correspondence rela 
tion among the vertical synchronization signal VSYNC, the 
horizontal synchronization signal HSYNC, the dot clock sig 
nal DCLK, and the image data DATA. 
As shown in FIG. 6, time t1 is time when a falling edge of 

the vertical synchronization signal VSYNC occurs, i.e., start 
timing of one frame. At time t1, the first selector 251 of the 
frame buffer 250 switches the memory as the output destina 
tion of the image data DATA in synchronization with the 
falling edge of the vertical synchronization signal VSYNC. 
For example, when the memory selected as the output desti 
nation of the image data DATA is the first memory 252 in the 
last frame, the second memory 253 is selected as the output 
destination of the image data DATA in the present frame. In 
other words, in the present frame, the first memory 252 is the 
read-only memory and the second memory 253 is the write 
only memory. The image data DATA input from the external 
control device is output to the second memory 253 by the first 
Selector 251. 
The write address controller 260 switches the memory as 

the output destination of the write address in synchronization 
with the falling edge of the vertical synchronization signal 
VSYNC. As explained above, since the second memory 253 
is the write-only memory in the present frame, the second 
memory 253 is selected as the output destination of the write 
address. The write address controller 260 resets the write 
address in synchronization with the falling edge of the verti 
cal synchronization signal VSYNC and counts up the write 
address in synchronization with the dot clock signal DCLK to 
thereby generate a write address of the image data DATA 
corresponding to pixels in one frame. The write address con 
troller 260 outputs the write address to the second memory 
253 as the second write address signal WA2. 

With such operation, for example, as shown in FIG. 6, 
when time t2 is time when a falling edge of the horizontal 
synchronization signal HSYNC occurs, i.e., start timing of a 
horizontal scanning period in a first line, the image data 
DATA for seven hundred twenty pixels in the first line is 
sequentially stored in the second memory 253 in a unit of one 
pixel. This operation is repeated up to the four hundred eighth 
line, whereby the image data DATA for the present one frame 
(720x480 pixels) is stored in the second memory 253. 
On the other hand, the read address controller 270 switches 

the memory as the output destination of the read address in 
synchronization with the falling edge of the vertical synchro 
nization signal VSYNC. As explained above, since the first 
memory 252 is the read-only memory in the present frame, 
the first memory 252 is selected as the output destination of 
the read address. The read address controller 270 resets the 
read address in Synchronization with the falling edge of the 
vertical synchronization signal VSYNC and counts up the 
read address in Synchronization with the dot clock signal 
DCLK to thereby generate a read address of the image data 
DATA corresponding to pixels in one frame. The read address 
controller 270 outputs the read address to the first memory 
252 as the first read address signal RA1. 

With such operation, in parallel to the operation for writing 
the image data DATA of the present frame in the second 
memory 253, the image data DATA stored in the last frame is 
read out from the first memory 252 and the image data DATA 
(640 bits) foreighty pixels is sequentially output to the second 
selector 254. The second selector 254 has selected the first 
memory 252 as the input source of the image data DATA in 
synchronization of the falling edge of the vertical synchroni 
zation signal VSYNC. The second selector 254 outputs the 
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image data DATA for the eighty pixels input from the first 
memory 252 as explained above to the code converting circuit 
280. 
The code converting circuit 280 sets, on the basis of the 

correspondence table shown in FIG. 4, for each one pixel of 
the image data DATA input from the second selector 254, 
values of the black display codes, the gradation codes, and the 
keep codes corresponding to a gradation indicated by the 
image data DATA for the one pixel to generate digital code 
corresponding to the one pixel. The code converting circuit 
280 simultaneously outputs digital codes for the eighty pixels 
to the third selector 290. 
The system clock signal SCLK having the frequency f. 

corresponding to a temperature detection result of the display 
area 101a by the temperature sensor 200 is output from the 
VCXO 220 to the read timing controller 230. As explained 
above, the frequency fs of the system clock signal SCLK 
linearly changes in the range of 5.18 MHz (the number of 
sub-frames k=20) to 21 MHz (the number of sub-frames 
k=81) according to a level of an analog Voltage signal (tem 
perature) output from the level converting circuit 210. 
The read timing controller 230 generates the polarity 

inverting signal FR, the scanning start pulse YSP, the scan 
ning transfer clock YCLK, and the data transfer start pulse 
XSP on the basis of the system clock signal SCLK and the 
vertical synchronization signal VSYNC. FIG. 7 is a timing 
chart showing a temporal correspondence relation among the 
vertical synchronization signal VSYNC, the scanning start 
pulse YSP, the scanning signals G1, G2, ..., and Gm output 
from the scanning-line driving circuit 310, the scanning trans 
fer clock YCLK, the data transfer start pulse XSP the system 
clock signal SCLK, and the display data XDATA output from 
the level shifter 320. 
As explained above, the frequency fs, the scanning start 

pulse YSP linearly changes in the range of 1.2 kHz (the 
number of sub-frames k=20) to 4.86 kHz (the number of 
Sub-frames k-81) according to temperature near the display 
area 101a. Since the scanning start pulse YSP is a signal for 
defining start timing of each of the Sub-frames, the change in 
the frequency f. means that the number of sub-frames k in 
one frame changes according to the temperature near the 
display area 101a. In FIG. 7, time t3 indicates start timing of 
the first sub-frame SF1, time ta indicates start timing of the 
second Sub-frame SF2, and time tk indicates start timing of a 
kth Sub-frame SFk (k changes according to temperature). 
The frequency f. of the Scanning transfer clock YCLK 

linearly changes in the range of 288 kHz (the number of 
sub-frames k=20) to 1.16 MHz (the number of sub-frames 
k=81) according to temperature near the display area 101a. 
The frequency fs of the data transfer start pulse XSP lin 
early changes in the range of 576 kHz (the number of sub 
frames k=20) to 2.33 MHz (the number of sub-frames k-81) 
according to the temperature near the display area 101a. 

In FIG. 7, when attention is paid to time t3 (the start timing 
of the first sub-frame SF1), the third selector 290 collectively 
selects, in Synchronization with a rising edge of the system 
clock signal SCLK, from digital codes input from the code 
converting circuit 280, the codes C1 for eighty pixels corre 
sponding to the first sub-frame SF1 among the codes C1 to 
C81 included in digital codes connected to the first scanning 
line 114 in the Y direction and respectively corresponding to 
the first to eightieth pixels 110 in the X direction and simul 
taneously outputs the codes C1 to the level shifter 320. 
The level shifter 320 shifts, on the basis of values of the 

codes C1 for the eighty pixels input from the third selector 
290 and a level of the polarity inverting signal FR, a voltage 
level of each of the codes C1 to a voltage level that should be 
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supplied to the pixels 110 and outputs the codes C1 for the 
eighty pixels after the voltage level shift to the data-line 
driving circuit 330 as the display data XDATA (80 bits). For 
example, when the code C1 is “1” for designating the first 
level (black) and the polarity inverting signal FR is at the high 
level (positive polarity), the voltage level of the code C1 is 
shifted to the maximum voltage VD1 (at this point, the com 
mon Voltage VCOM generated by the driving-voltage gener 
ating circuit 300 has a value on the negative pole side (a 
minimum value) with respect to the reference voltage V0). 
On the other hand, the scanning-line driving circuit 310 

grasps start timing of the first Sub-frame SF1 according to a 
rising edge at time t3 of the scanning start pulse YSP and 
outputs the scanning signal G1 having the Voltage VG to the 
first scanning line 112 in the Y direction in synchronization 
with a rising edge of the scanning transfer clock YCLK. 
Consequently, the transistors 116 in the seven hundred twenty 
pixels 110 connected to the first scanning line 112 in the Y 
direction are turned on. 
The data-line driving circuit 330 grasps start timing of a 

first horizontal scanning period according to a rising edge at 
time t3 of the data transfer start pulse XSP and outputs, in 
synchronization with the rising edge of the system clock 
SCLK, the display data XDATA (80 bits) to the eighty data 
lines 114, i.e., the first to eightieth data lines 114 in the X 
direction as data signals d1 d2, ..., and d80 for the eighty 
pixels. Consequently, black/white Voltage corresponding to 
the first sub-frame SF1 is written in the first to eightieth pixels 
110 connected to the first scanning line 112 in the Y direction. 

Subsequently, when a rising edge of the next system clock 
SCLK occurs, the third selector 290 collectively selects, from 
digital codes input from the code converting circuit 280, the 
codes C1 for eighty pixels among the codes C1 to C81 
included in digital codes respectively corresponding to the 
eighty first to one hundred sixtieth pixels 110 in the X direc 
tion and simultaneously outputs the codes C1 to the level 
shifter 320. The level shifter 320 outputs the codes C1 for the 
eighty pixels after the voltage level shift to the data-line 
driving circuit 330 as the next display data XDATA (80 bits). 
The data-line driving circuit 330 outputs, in synchroniza 

tion with the rising edge of the system clock SCLK, the 
display data XDATA (80 bits) to the eighty data lines 114, i.e., 
the eighty-first to one hundred sixtieth data lines 114 as data 
signals d81, d82, . . . . and d160 for the next eighty pixels. 
Consequently, black/white Voltage corresponding to the first 
sub-frame SF1 is written in the eighty-first to one hundred 
sixtieth pixels 110 connected to the first scanning line 112 in 
the Y direction. 

The operation explained above is repeated nine times every 
time the rising edge of the system clock SCLK occurs, 
whereby the black/white voltage corresponding to the first 
sub-frame SF1 is written in all the seven hundred twenty 
pixels 110 connected to the first scanning line 112 in the Y 
direction. 

Subsequently, the scanning-line driving circuit 310 out 
puts, in Synchronization with a falling edge at time t31 of the 
scanning transfer clockYCLK, the scanning signal G2 having 
the voltage VG to the second scanning line 112 in the Y 
direction. Consequently, the transistors 116 in the seven hun 
dred twenty pixels 110 connected to the second scanning line 
112 in the Y direction are turned on. 
The third selector 290 collectively selects, in synchroniza 

tion with a rising edge at time t31 of the system clock signal 
SCLK, from digital codes input from the code converting 
circuit 280, the codes C1 for eighty pixels corresponding to 
the first sub-frame SF1 among the codes C1 to C81 included 
in digital codes connected to the second scanning line 114 in 
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the Y direction and respectively corresponding to the first to 
eightieth pixels 110 in the X direction and simultaneously 
outputs the codes C1 to the level shifter 320. The level shifter 
320 outputs the codes C1 for the eighty pixels after the voltage 
level shift to the data-line driving circuit 330 as the display 
data XDATA (80 bits). 
The data-line driving circuit 330 grasps start timing of a 

second horizontal scanning period according to a rising edge 
at time t31 of the data transfer start pulse XSP and outputs, in 
synchronization with the rising edge of the system clock 
SCLK, the display data XDATA (80 bits) to the first to eighti 
eth data lines 114 in the X direction as data signals d1, 
d2, ..., and d80 for the eighty pixels. Consequently, black/ 
white voltage corresponding to the first sub-frame SF1 is 
written in the first to eightieth pixels 110 connected to the 
second scanning line 112 in the Y direction. 

Subsequently, when a rising edge of the next system clock 
SCLK occurs, the third selector 290 collectively selects, from 
digital codes input from the code converting circuit 280, the 
codes C1 for eighty pixels among the codes C1 to C81 
included in digital codes respectively corresponding to the 
eighty first to one hundred sixtieth pixels 110 in the X direc 
tion and simultaneously outputs the codes C1 to the level 
shifter 320. The level shifter 320 outputs the codes C1 for the 
eighty pixels after the voltage level shift to the data-line 
driving circuit 330 as the next display data XDATA (80 bits). 
The data-line driving circuit 330 outputs, in synchroniza 

tion with the rising edge of the system clock SCLK, the 
display data XDATA (80 bits) to the eighty data lines 114, i.e., 
the eighty-first to one hundred sixtieth data lines 114 as data 
signals d81, d82, . . . . and d160 for the next eighty pixels. 
Consequently, black/white voltage corresponding to the first 
sub-frame SF1 is written in the eighty-first to one hundred 
sixtieth pixels 110 connected to the second scanning line 112 
in the Y direction. 
The operation explained above is repeated nine times every 

time the rising edge of the system clock SCLK occurs, 
whereby the black/white voltage corresponding to the first 
sub-frame SF1 is written in all the seven hundred twenty 
pixels 110 connected to the second scanning line 112 in the Y 
direction. 

Further, the operation is repeated until the black/white 
voltage corresponding to the first sub-frame SF1 is written in 
all the seven hundred twenty pixels 110 connected to the four 
hundred eightieth scanning line 112 in the Y direction, 
whereby the black/white voltage is written in all the 720x480 
pixels 110 in the first sub-frame SF1. An image correspond 
ing to the first sub-frame SF1 is displayed. 

Subsequently, when a rising edge of the scanning start 
pulse YSP occurs at time tA and start timing of the second 
sub-frame SF2 comes, the scanning-line driving circuit 310 
outputs, in synchronization with a rising edge at timetal of the 
scanning transfer clockYCLK, the scanning signal G1 having 
the voltage VG to the first scanning line 112 in the Y direction. 
Consequently, the transistors 116 in the seven hundred twenty 
pixels 110 connected to the first scanning line 112 in the Y 
direction are turned on. 
The third selector 290 collectively selects, in synchroniza 

tion with a rising edge at time ta of the system clock signal 
SCLK, from digital codes input from the code converting 
circuit 280, the codes C2 for eighty pixels corresponding to 
the second sub-frame SF2 among the codes C1 to C81 
included in digital codes connected to the first scanning line 
114 in the Y direction and respectively corresponding to the 
first to eightieth pixels 110 in the X direction and simulta 
neously outputs the codes C2 to the level shifter 320. The 
level shifter 320 outputs the codes C2 for the eighty pixels 
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after the voltage level shift to the data-line driving circuit 330 
as display the data XDATA (80 bits). 
The data-line driving circuit 330 grasps start timing of a 

first horizontal scanning period according to a rising edge at 
time ta of the data transfer start pulse XSP and outputs, in 
synchronization with the rising edge of the system clock 
SCLK, the display data XDATA (80 bits) to the first to eighti 
eth data lines 114 in the X direction as data signals d1, 
d2. . . . . and d80 for the eighty pixels. Consequently, black/ 
white voltage corresponding to the second sub-frame SF2 is 
written in the first to eightieth pixels 110 connected to the first 
scanning line 112 in the Y direction. 

Subsequently, when a rising edge of the next system clock 
SCLK occurs, the third selector 290 collectively selects, from 
digital codes input from the code converting circuit 280, the 
codes C2 for eighty pixels among the codes C1 to C81 
included in digital codes respectively corresponding to the 
eighty first to one hundred sixtieth pixels 110 in the X direc 
tion and simultaneously outputs the codes C2 to the level 
shifter 320. The level shifter 320 outputs the codes C2 for the 
eighty pixels after the voltage level shift to the data-line 
driving circuit 330 as the next display data XDATA (80 bits). 
The data-line driving circuit 330 outputs, in synchroniza 

tion with the rising edge of the system clock SCLK, the 
display data XDATA (80 bits) to the eighty data lines 114, i.e., 
the eighty-first to one hundred sixtieth data lines 114 as data 
signals d81, d82, . . . . and d160 for the next eighty pixels. 
Consequently, black/white Voltage corresponding to the sec 
ond sub-frame SF2 is written in the eighty-first to one hun 
dred sixtieth pixels 110 connected to the first scanning line 
112 in the Y direction. 
The operation explained above is repeated nine times every 

time the rising edge of the system clock SCLK occurs, 
whereby the black/white voltage corresponding to the second 
sub-frame SF2 is written in all the seven hundred twenty 
pixels 110 connected to the first scanning line 112 in the Y 
direction. 

Further, the operation is repeated until the black/white 
voltage corresponding to the second sub-frame SF2 is written 
in all the seven hundred twenty pixels 110 connected to the 
four hundred eightieth scanning line 112 in the Y direction, 
whereby the black/white voltage is written in all the 720x480 
pixels 110 in the second sub-frame SF2. An image corre 
sponding to the second Sub-frame SF2 is displayed. 
The operation for each of the sub-frames explained above 

is repeated up to the last sub-frame SFk that occurs at time tk, 
whereby image display for one frame starting from time t1 is 
completed. 

With such operation of the liquid crystal device 100 
according to this embodiment, it is possible to uniformalize 
response speed of the liquid crystal 105 irrespectively of a 
temperature change. A reason for this is explained below. 
FIG. 8 is a diagram representing transmittance characteristics 
of the liquid crystal 105 at temperatures (40°C., 50° C., and 
60° C.) in the case in which one frame is divided into thirty 
two sub-frames and first several sub-frames are for black 
display and the remaining Sub-frames are for white display. In 
FIG. 8, reference numeral 10 denotes the transmittance char 
acteristic of the liquid crystal 105 at 40°C., reference numeral 
20 denotes the transmittance characteristic of the liquid crys 
tal 105 at 50° C., and reference numeral 30 denotes the trans 
mittance characteristic of the liquid crystal 105 at 60° C. 
As shown in FIG. 8, it is seen that, when the black display 

is Switched to the white display, as the temperature is higher, 
the transmittance of the liquid crystal 105 sharply rises (i.e., 
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response speed is high) and, as the temperature is lower, the 
transmittance of the liquid crystal 105 gently rises (i.e., 
response speed is low). 
The number of sub-frames k in one frame is changed with 

reference to the transmittance characteristic 20 of the liquid 
crystal 105 at 50° C. For example, as shown in FIG.9A, it is 
assumed that the number of sub-frames k is thirty-eight in the 
case of 40° C. and, as shown in FIG. 9B, the number of 
sub-frames k is twenty-three in the case of 60°C. As it is seen 
from FIG.9A, in the case of 40°C., the transmittance sharply 
rises in a transmittance characteristic 10' after the change of 
the number of sub-frames compared with the transmittance 
characteristic 10 before the change of the number of the 
sub-frames. The transmittance characteristic 10' is close to 
the transmittance characteristic 20 at 50° C. On the other 
hand, as it is seen from FIG. 9B, in the case of 60° C., the 
transmittance gently rises in a transmittance characteristic 30' 
after the change of the number of sub-frames compared with 
the transmittance characteristic 30 before the change of the 
number of sub-frames. The transmittance characteristic 30' is 
close to the transmittance characteristic 20 at 50° C. 

In this way, the number of sub-frames k in one frame is 
increased (one sub-frame period is shortened) to reduce pro 
cessing time when temperature is low. This makes it possible 
to obtain an effect equivalent to an increase in the response 
speed of the liquid crystal 105. On the other hand, the number 
of sub-frames k in one frame is reduced (one sub-frame 
period is extended) to increase processing time for data when 
temperature is high. This makes it possible to obtain an effect 
equivalent to a reduction in the response speed of the liquid 
crystal 105. In other words, it is possible to uniformalize the 
response speed of the liquid crystal 105 irrespectively of a 
temperature change by setting the number of sub-frames k in 
one frame according to temperature. 
As explained above, with the liquid crystal device 100 

according to this embodiment, since it is unnecessary to use 
the lookup table and the Peltier element in the past, it is 
possible to perform gradation correction with respect to a 
temperature change without causing an increase in the size of 
the device and cost. 

In the example explained in the embodiment, the number 
of expanded phases N is set to “80” in order to lower the 
frequency fs of the system clock signal SCLK. However, 
it is not always necessary to perform phase expansion (i.e., N 
may be 1). In the explanation of the embodiment, the number 
of Sub-frames k is set in the range of twenty to eighty-one 
according to temperature. However, the setting range of the 
number of Sub-frames k only has to be appropriately set 
according to specifications of the liquid crystal device 100, 
characteristics of the liquid crystal 105, and the like. In the 
example explained in the embodiment, the VCXO 220 (the 
Voltage-controlled crystal oscillator) is used as the system 
clock generating unit. However, other Voltage-controlled 
oscillators may be used as long as it is possible to generate the 
system clock signal SCLK. 
Electronic Apparatus 
An example of an electronic apparatus including the liquid 

crystal device 100 (the electro-optical device) is explained 
below. 
(1) Projector 

First, a projector employing the liquid crystal device 100 
according to this embodiment as a light valve is explained. 
FIG. 10 is a plan view showing the configuration of the 
projector. As shown in FIG. 10, a polarized light illuminating 
device 1110 is arranged along a system optical axis PL in the 
inside of a projector 1100. In the polarized light illuminating 
device 1110, emitted light from a lamp 1112 is changed to 
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substantially parallel light beams by reflection by a reflector 
1114 and made incident on a first integrator lens 1120. Con 
sequently, the emitted light from the lamp 1112 is divided into 
plural intermediate light beams. The divided intermediate 
light beams are converted into one kind of polarized light 
beams (S. polarized light beams) having Substantially aligned 
polarization directions by a polarized light converting ele 
ment 1130 having a second integrator lens on a light incident 
side and are emitted from the polarized light illuminating 
device 1110. 
The s polarized light beams emitted from the polarized 

light illuminating device 1110 are reflected by ans polarized 
light beam reflection surface 1141 of a polarization beam 
splitter 1140. Among the reflected light beams, a light beam 
of blue light (B) is reflected on a blue light reflection layer of 
a dichroic mirror 1151 and modulated by a reflective liquid 
crystal device 100B. Among the light beams transmitted 
through the blue light reflection layer of the dichroic mirror 
1151, a light beam of red light (R) is reflected on a red light 
reflection layer of a dichroic mirror 1152 and modulated by a 
reflective liquid crystal device 100R. On the other hand, 
among the light beams transmitted through the blue light 
reflection layer of the dichroic mirror 1151, a light beam of 
green light (G) is transmitted through the red light beam 
reflection layer of the dichroic mirror 1152 and modulated by 
a reflective liquid crystal device 100G. 
The red, green, and blue light beams respectively modu 

lated by the liquid crystal devices 100R, 100G, and 100B in 
this way are sequentially combined by the dichroic mirrors 
1152 and 1151 and the polarization beam splitter 1140 and 
then projected on a screen 1170 by a projection optical system 
1160. Since light beams corresponding to the primary colors 
R, G, and B are made incident on the liquid crystal devices 
100R, 100B, and 100G by the dichroic mirrors 1151 and 
1152, a color filter is unnecessary. In this embodiment, the 
reflective liquid crystal devices are used. However, the pro 
jector may include transmissive display liquid crystal 
devices. 
(2) Mobile Computer 
An example in which the liquid crystal device 100 is 

applied to a mobile personal computer is explained below. 
FIG. 11 is a perspective view showing the configuration of the 
personal computer. In the figure, a personal computer 1200 
includes a main body unit 1204 including a keyboard 1202 
and a display unit 1206. The display unit 1206 is configured 
by adding a front light to the front surface of the liquid crystal 
device 100. In this configuration, since the liquid crystal 
device 100 is used as a reflective direct view type, it is desir 
able that unevenness is formed in the pixel electrode 118 such 
that reflected light scatters in various directions. 
(3) Cellular Phone 
An example in which the liquid crystal device 100 is 

applied to a cellular phone is explained below. FIG. 12 is a 
perspective view showing the configuration of the cellular 
phone. In the figure, a cellular phone 1300 includes the liquid 
crystal device 100 together with an earpiece 1304 and a 
mouthpiece 1306 besides plural operation buttons 1302. A 
front light is provided on the front surface of the liquid crystal 
device 100 when necessary. In this configuration, since the 
liquid crystal device 100 is used as the reflective direct view 
type, it is desirable that unevenness is formed in the pixel 
electrode 118. 

Besides the apparatuses explained with reference to FIGS. 
10 to 12, examples of the electronic apparatus include a liquid 
crystal television, video taper recorders of a viewfinder type 
and a monitor direct view type, a car navigation apparatus, a 
pager, an electronic notebook, an electronic calculator, a 
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word processor, a workstation, a video phone, a POS termi 
nal, and an apparatus including a touch panel. 

What is claimed is: 
1. A liquid crystal device comprising: 
a temperature detecting unit configured to detect a tem 

perature near a display area of the liquid crystal device; 
a system-clock generating unit configured to dynamically 

set a number of sub-frames k included in one frame in 
response to the temperature detected by the temperature 
detecting unit, the frame having a constant frame fre 
quency f. the number of the sub-frames increasing in 
response to a decrease of the temperature detected by the 
temperature detecting unit, the number of Sub-frames 
being within a predetermined range from a minimum 
numberto a maximum number, and a frequency fs of 
the system-clock generating unit is calculated based on 
Equation (1): 

fiscLK = frt Xk X in X Equation (1) 

a code generating unit configured to generate a digital code 
for a pixel, the digital code includes: (1) a black display 
code, (2) a gradation code, and (3) a keep code, the black 
display code including a predetermined number of bit 
data indicating a black level, the gradation code includ 
ing a predetermined number of bit data indicating the 
black level or a white level configured to show a grada 
tion, the gradation code following the black display 
code, the keep code including a predetermined number 
of bit data indicating the black level or a white level 
configured to keep a gradation, the keep code following 
the gradation code; and 

a controlling unit configured to control aluminance level of 
pixels in accordance with bit data included in the digital 
data generated by the code generating unit, wherein 

the black display code, the gradation code, and the keep 
code are predetermined for each gradation level, and a 
length from a head of the black display code to an end of 
the gradation code is Substantially greater than the mini 
mum number of the Sub-frames, and 

m represents a number of Scanning lines, in represents a 
number of data lines, and N represents a number of 
expanded phases. 

2. The liquid crystal device according to claim 1, wherein 
a luminance level of pixels in a period of each of the plural 
sub-frames is set to at least a first level or a second level for 
performing gradation display, the first level is equivalent to a 
black display in which the luminance level of the pixels is 0. 
and the second level has a luminance level other than 0. 

3. An electronic apparatus comprising the liquid crystal 
device according to claim 1. 

4. The liquid crystal device according to claim 1, wherein 
the code generating unit includes: 

a code converting unit that converts the image data out 
put from the frame buffer into the digital code, and 

the liquid crystal device further comprises: 
a system-clock generating unit that generates a system 

clock signal having a frequency corresponding to the 
temperature detected by the temperature detecting 
unit; 

a writing control unit that controls writing of the image 
data in the frame buffer on the basis of a dot clock 
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signal, a vertical synchronization signal, and a hori 
Zontal synchronization signal input together with the 
image data; and 

a readout control unit that controls readout of the image 
data from the frame buffer on the basis of the system 
clock signal and the vertical synchronization signal 
and performs setting of the number of sub-frames and 
control of the luminance level of the pixels in each of 
the sub-frames based on the digital code. 

5. The liquid crystal device according to claim 4, wherein 
the temperature detecting unit outputs a Voltage signal 

having a level corresponding to a detection result of the 
temperature, and 

the system-clock generating unit is a Voltage-controlled 
oscillator that generates a system clock signal having a 
frequency corresponding to the level of the Voltage sig 
nal. 

6. A driving method for a liquid crystal device comprising: 
detecting a temperature near a display area of the liquid 

crystal device; 
dynamically setting a number of Sub-frames k included in 

one frame in response to the temperature, the frame 
having a constant frame frequency f. the number of 
the Sub-frames increasing in response to a decrease of 
the detected temperature, the number of sub-frames 
being within a predetermined range from a minimum 
number to a maximum number, and a frequency fs of 
the system-clock generating unit is calculated based on 
Equation (1): 
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fiscLK = frt Xk X in X Equation (1) 

generating a digital code for a pixel, the digital code 
includes: (1) a black display code, (2) a gradation code, 
and (3) a keep code, the black display code including a 
predetermined number of bit data indicating a black 
level, the gradation code including a predetermined 
number of bit data indicating the black level or a white 
level configured to show a gradation, the gradation code 
following the black display code, the keep code includ 
ing a predetermined number of bit data indicating the 
black level or a white level configured to keep a grada 
tion, the keep code following the gradation code; and 

controlling a luminance level of pixels in accordance with 
bit data included in the digital data generated by the code 
generating unit, wherein 

the black display code, the gradation code, and the keep 
code are predetermined for each gradation level, and a 
length from a head of the black display code to an end of 
the gradation code is Substantially greater than the mini 
mum number of the Sub-frames, and 

m represents a number of Scanning lines, in represents a 
number of data lines, and N represents a number of 
expanded phases. 

k k k k k 


